The Utror Volcanic Formation forms a NE-SW belt with in Kohistan island arc, which lies between the Indian and Eurasian continents in the western Himalayas of northern Pakistan. The Utror Volcanic Formation formed during Late Paleocene, when Kohistan existed as an Andean-type arc on the southern margin of Eurasia. Five to ten block samples were collected from 17 sites of the formation for paleomagnetic studies. Magnetic minerals that serve as remanent carriers are maghemite, magnetite, hematite and titanohematite. Magnetite, hematite, and titanohematite carry the characteristic remanent magnetization (ChRM). The declination values of ChRM are highly discordant before and after structural correction. While inclination values show uniformity in geographic coordinates. The ChRM carried by magnetite yields downward inclinations, whereas the ChRM carried by hematite or titanohematite have upward inclinations in geographic coordinates. The correlation between polarity state and magnetic mineralogy suggests that the acquisition of magnetization occurred during two distinct time intervals. An inclination only fold test of ChRM of these two mineral assemblages indicates that they are post-folding magnetizations. The calculated paleolatitudes for ChRM carried by magnetite and hematite or titanohematite are 9±4
Introduction
The Himalaya, almost 3000 km long, contains the highest peaks on our globe and was formed by collision of the Indian and Eurasian continents (Le Fort, 1996; Searle, 1996) . The northwestern part of Himalayan collision belt consists of island arc sequence, termed as Kohistan island arc, captured between the two colliding continents (Tahirkheli et al., 1979) . In this paper new paleomagnetic results are presented from Utror Volcanic Formation of western Kohistan.
Geology and Sampling
The Kohistan terrane of western Trans Himalaya contains a remarkable cross section through an island arc sequence which developed as result of northward subduction of neoTethyan oceanic crust beneath Eurasia during Late Jurassic and Early Cretaceous (Tahirkheli et al., 1979) . From the mafic bulk composition of the Kohistan, presence of pillowed lavas and marine sediments it has been inferred that Kohistan originated as an intra-oceanic arc (Khan et al., 1997) . The isotopic data demonstrate the involvement of enriched, DUPAL-type mantle, suggesting that the Kohistan arc formed at or south of present equator (Khan et al., 1997) . The intra-oceanic phase of Kohistan lasted up to between 102 Ma and 85 Ma, when the arc collided with Eurasia across northern suture (Treloar et al., 1996; Petterson and Windley, 1985) .
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After this time the arc remained as an Andean-type margin till it's collision with Indian continent in the Eocene (age of collision is from Coward et al., 1987) . The arc can be divided broadly in to six components on the basis of structure and lithology (Searle, 1991) . They are 1) Jijal Ultramafic Complex, 2) Kamila Amphibolite, 3) Chilas Complex, 4) Chalt Volcanic Group, 5) Yasin Group, and 6) Kohistan batholith (Fig. 1) .
The northward movement of Indian continent continued even after the collision and led to the formation of western Himalayan Syntaxial belt as well as oroclinal bend of the Himalayan mountain belt (Klootwijk et al., 1985) . One of the major syntaxes of western Himalayan syntaxial belt is Nanga Parbat syntaxis (NPS) which separates the Kohistan and Ladakh terranes (Fig. 1) . It is believed that these terranes were continuous before the formation of NPS (Searle, 1991) .
Stratigraphically, the western part of the Kohistan arc, which is the studied area, is divided in two groups: Kalam and Dir (Sullivan et al., 1993) (Fig. 2) . The Kalam Group is comprised of schists and metavolcanics. While the Dir Group is comprised of the Barul Banda Slate Formation and the Utror Volcanic Formation. The Utror Volcanic Formation consists of volcanic breccias, volcanic sandstone and siltstones, lava flows and pyroclastic flows. These volcanics are andesites, rhyolites, and dacites. These volcanics were accumulated in subaerial environment and represent typical continental marginal arc series volcanics (Sullivan et al., 1993) . Latter this idea was contradicted on the basis of detail mapping and Treloar et al., 1996) . Fig. 2 . Geological map of study area (modified after Sullivan et al., 1993). detail geochemical data. These volcanics resembles mafic lava proportions in mature oceanic arcs (Shah and Shervais, 1999) . The abundance of mafic lava proportions at the time of Andean margin phase of the arc is explained by underlying crust, which consists of accreted intra-oceanic arc volcanic and plutonic rocks, and mafic relative to normal continental margins (Shah and Shervais, 1999) . A basaltic andesitic lava in the Kalam area (i.e. of Utror Volcanic Formation) has 40 Ar-39 Ar hornblende age about 55±2 Ma (Treloar et al., 1989, sample no. K210) . This has been interpreted as extrusive age for the volcanics. In the north of the Utror Volcanic Formation there is a pluton (stage-2) yielding K-Ar and Ar-Ar ages of 48-45 Ma for hornblends (Treloar et al., 1989, sample no. Kl99, PL122, and PL123; Sullivan et al., 1993) (Fig. 2) . In the south the Utror Volcanics Formation has thrusted contact with Barul Banda Slate Formation. Interbedded limestones with in these slates have yielded a Thanetian (60.2-54.9) marine fauna of Miscellanea miscella and Actinosiphon tibeticus (Sullivan et al., 1993) . Baraul Banda slate Formation has unconformable contact with older pluton (stage-1) having hornblende ages of 76-78 Ma age (Treloar et al., 1989, sample no. Kl93 and PL189; Sullivan et al., 1993) . For the ChRM observed at that locality. Solid arrows show that inclination values are downward while hollow arrows represent upward inclinations. For the sites enclosed by the circle only one declination vector is plotted for all other sites almost same declination value is observed. For the sites without any arrows ChRM could not be achieved.
present paleomagnetic study, 5 to 10 oriented block samples from 17 sites of Utror Volcanic Formation collected. Orientation of the samples was done by magnetic compass. Volcanic siltones are well bedded which can provide data for structural correction of paleomagnetic directions, whereas layering in the case of rhyolitic lava flows serves as good structural marker. In volcanic breccias, alignment of lithoclasts defines the bedding. Figure 3 shows the geological map of the investigation area and the location of sampling sites.
Magnetic Mineralogy
In order to investigate magnetic mineralogy, low field bulk magnetic susceptibility measurements as function of temperature up to 700
• C and isothermal remanent magnetization acquisition experiment (IRM) up to 400 mT followed by step wise thermal demagnetization in seven steps keeping 100
• C interval up to 700
• C was performed on representative samples of selected sites. Samples from most of the sites of Utror Volcanic Formation indicate sharp decrease in the susceptibility at about 550
• C (Fig. 4) and a sample from site KL-13 shows partial drop in susceptibility between 300
• C to 400
• C. In all the cases bulk susceptibility decreases in cooling curve comparing with heating curve. This may be because of partial oxidation of magnetite to low susceptibility hematite during the experiment. The susceptibility drops at about 550
• C and between 300
• C and 400
• C may due to the presence of magnetite/Ti-poor titanomagnetite and maghemite respectively. IRM acquisition curves followed by thermal demagnetization of acquired IRM demonstrate four types of patterns ( Fig. 5 ). In the first group of samples (Type-I) there is a change in the slope of the curve at 200 mT ( Fig. 5(a) ) and saturation is almost attained at 200 mT. In the demagnetization curve there is major decrease in the intensity of IRM up to 300
• C followed by gradual decrease until complete demagnetization at about 600
• C. The second group (Type-II) has low coercive remanent carriers as shown by the saturation of isothermal remanent magnetization (SIRM) at 100 mT.
Stepwise thermal demagnetization of induced IRM reveals single blocking temperature of about 600
• C (Fig. 5(b) ). The samples from site KL-24 exhibit hard magnetic behavior during acquisition of IRM (Type-III; Fig. 5(c) ) and higher unblocking temperature (about 700
• C). Two magnetic phases can be inferred in some samples ( Fig. 5(d) ) from linear increase in IRM up to 100 mT and undersaturation up to 400 mT (Type-IV). These two magnetic phases can also be distinguished in demagnetization curve having significant decrease in intensity of IRM at 600
• C with its complete demagnetization at 700
• C. In the curves of Type-I the drop of IRM at about 300
• C may be due to the presence of maghemite or titanomaghemite and complete removal of induced IRM about blocking temperature of magnetite indicating that magnetite is also present as remanent carrier. The possibility of pyrrhotite which has almost the same unblocking temperature 325
• C as of maghemite is ruled out because pyrrhotite has high coercivity up to 0.5-1 T (O'Reilly, 1984) but saturation is attained at about 200 mT in our case ( Fig. 5(a) ). In the Type-II curves ( Fig. 5(b) ) the low saturation magnetic field and drop of induced IRM to zero at about blocking temperature of magnetite indicating magnetite as the only magnetic carrier. In the case of a sample from the site KL-24 (Fig. 5(c) ), the high coercivity pattern of IRM and the gradual decrease of intensity of induced IRM without exhibiting unblocking temperatures lower than that of hematite provide the evidence that hematite is the only magnetic carrier in the samples of this site. The sample belonging to Type-IV curves has both magnetite and hematite as both low and high coercivity spectra are noted along with blocking temperatures of magnetite and 
Petrography
To determine the petrographic relationship of ferromagnetic minerals optical microscopic study of these volcanics was done. The primary rock forming minerals, which are phenocryst, are plagioclase, K-feldspar, quartz, pyroxene. Quartz, plagioclase and K-feldspar phenocrysts are partly replaced by fine-grained quartz, sericite, chlorite, calcite, epidote, and zeolite. The opaque minerals are altered to Fe-oxides and Fe-hydrate (Plate 1). The ground mass has been mostly replaced by secondary minerals such as quartz, sericite, chlorite, epidote, and zeolite. Secondary minerals such as zeolite and chlorite may be indicators of hydrothermal alterations in these volcanics (Ade-Hall et al., 1971; Cas and Wright, 1987) .
Paleomagnetic Results
Remanent magnetization was measured using Natsuhara/ SMD-88 and Schonstedt SSM-1A spinner magnetometers.
Stepwise thermal demagnetization (THD) was performed and demagnetization results are plotted as orthogonal vector diagrams (Zijderveld, 1967) . NRM components were obtained by principal component analyses (Kirschvink, 1980) and mean directions are calculated by using fisher statistics (Fisher, 1953) . In most of cases two components were identified, the first component (Comp-1) is mostly unblocked up to 300
• C ( Fig. 6 (a)) but in some cases it is unblocked at higher temperatures even up to 400
• C (Fig. 6(b) ). In samples of three sites (KL-9, KL-8, and KL-14) only Comp-1 could be observed, at high temperatures remanence intensity becomes very weak to be measured by the used spinner magnetometer. The characteristic remanent magnetization (ChRM) component has rather shallow downward and upward inclinations with scattered declinations in geographic coordinates (Figs. 6 and 7). The unblocking temperature of ChRM is variable for each site (Table 1 ). In three samples of site KL-3 an intermediate component (Comp-2) is observed from 300
• C to 560
• C having westward directions with moderate positive inclinations (Table 2 ; Fig. 6 (a)). Data of site KL-22 is not used for the calculation of mean direction because of large α-95 (33.3
• ) and data of site KL-6 is excluded because of too few number of samples (only two). The unblocking temperatures of the observed components for all sites are listed in Table 1 .
In the case of ChRM, the site mean directions before the application of structure correction show mostly moderate to shallow downward and upward inclinations, where as declinations range from northeasterly to south-southwesterly. Upon tilt correction by simple rotations around strikes, inclinations show much less uniformity, where as declinations maintains their large range of scattering (Table 2 , Fig. 7 ).
There is another possibility of synfolding magnetizations, this can be checked by performing incremental fold test. In this test, change in clustering of paleomagnetic data as function of percentage of unfolding is determined (McElhinny, 1964; Watson and Enkin, 1993; McFadden, 1998) . In our case this conventional fold test is not applicable as declinations are dispersed and Inclinations are showing more or less uniformity in geographic coordinates. This can be happened, when magnetizations have undergone variable amounts of vertical-axis rotations without changing the dips of the rocks. To deal with this problem inclination only fold test was devised (McFadden and Reid, 1982; Enkin and Watson, 1996) . Enkin and Watson (1996) inclination only fold test, is based on the assumption that population of directions of magnetization is most tightly grouped in orientation in which magnetizations were acquired. This method is parameter estimation problem by unfolding the rocks to find the maximum clustering. The percentage of untilting that produces maximum precision is sorted. The best estimate of optimum untilting is median (50 percentile), while the lower and upper 95 per cent confidence limits are 2.5 and 97.5 percentile values. If confidence limits include 0 per cent or 100 per cent, then magnetization will be post folding or pre-folding respectively, otherwise syn-folding magnetization.
In present case ChRM directions are scattered having upward and downward inclinations in geographic coordinates. Before proceeding for the calculation of mean direction it is important to decide about the polarity of directions. As it is well established that since 65-60Ma the northern part of Indian continent was at equatorial to low northern latitudes (Klootwijk et al., 1992) . Therefore the magnetization acquired at or after the time of formation of volcanics (age of volcanics 55±2 Ma) must indicate northern hemisphere direction. Hence all negative inclinations indicate the acquisition of magnetization in northern hemisphere during reverse polarity. In order to calculate correct mean we have to convert all directions with negative inclination to antipodal. The data can be interpreted in two ways, either all ChRM directions were acquired in same reverse polarity time (referred as Case-I hereafter) with shallow upward and downward inclinations or ChRM directions having down ward inclinations were acquired at the time of normal polarity, contrary to rest of ChRM directions and then suffered high angle rotations (Case-II). We will perform inclination only fold test and calculate inclination only mean by the above two mentioned options. In Case-I i.e., if these directions were acquired in reverse polarity then best optimum untilting is 37.2% with lower and upper confidence limits 28.3% and 43.8% respectively (Table 3). The mean inclination in this case is −8.9
• . The calculated mean paleolatitude for the Case-I is 4.5±6
• S (37% of untilting). The mean is yielding southern latitude position as compared to primary mid Cretaceous red beds' paleolatitude of the Kohistan arc (2.2
• S and 1.1 • N; from Zaman and Torri, 1999) . Keeping in mind the age of the volcanics (55±2 Ma), this southern paleolatitude of these volcanics with respect to mid Cretaceous red beds data seems to be odd at the time of rapid northward convergence of Indian continent. Hence calculated mean paleolatitude for Case-I is biased towards southern latitudinal position because of improper discrimination of components or polarities. As Case-I is very much unlikely in the light of previously well reported primary magnetizations of the area, it is not considered further.
Assuming that five sites (KL-7, KL-12, KL-13, KL-15 and KL-23) sites having shallow to moderate positive inclination acquired ChRM in normal polarity and samples of all other sites having negative inclinations acquired ChRM during reverse polarity (i.e. Case-II). Then according to Enkin and Watson (1996) syn-folding inclination only fold test they are post-folding magnetizations (Table 3) . Mean Inclination for positive ones is 17.1, while for negative ones is −24.6. There is no significant difference of best estimated untilting by applying McFadden and Reid (1982) method, it is 40% for Case-I and for Case-II 10% for downward inclinations and 0% for upward inclinations.
There is no distinction in plotting of mean direction of characteristic magnetizations of sites on the basis of mineralogy. We cannot group directions of sites depending upon the remanent carrier of their samples (magnetite or hematite). But if we see the only inclinations of ChRM, it is observable that all positive mean inclinations in geographic coordinates are carried by magnetite (in sites KL-7, KL-12, KL-13, KL-15 and KL-23), whereas as all negative mean inclinations are carried by hematite or Ti-poor hematite (Table 1; Table 2 ). This correlation in magnetic mineralogy and downward and upward inclinations may account for the different remagnetization processes at different polarity times. The Comp-2 that is observed in three samples of site KL-3 also has positive inclination and unblocking temperature of Ti-poor magnetite (560
• C). Therefore we also included this direction for the calculation of the mean for characteristic remanent component carried by magnetite. In this case (Case-II) Inclination only mean is calculated separately for the sites having different magnetic carrier for ChRM and different polarities (Table 3) . • N † Comp-2 of site KL-3 is also included as it is yielding inclination of the similar range. ‡ Mean without converting to normal polarity.
Discussion

Remanent carriers of NRM
Present paleomagnetic study demonstrates that the natural remanent magnetization (NRM) of Utror Volcanic Formation is mostly composed of two components, a third component was only observed in one site as discussed above (Table 2 ). The Comp-1 is unblocked at lower temperatures. In the samples of sites KL-8 and KL-9 Comp-1 is revealed up to 200
• C after this temperature the remanence intensity becomes very weak to be measured by the used spinner magnetometer. The major magnetic carrier in the case of samples of the site KL-8 is magnetite as indicated by stepwise thermal demagnetization of IRM acquired sample (Fig. 5(b) ). Thus in the samples of the site KL-8 Comp-1 may be carried by magnetite as viscous magnetization. Whereas in samples of the sites KL-13 and KL-14, the Comp-1 is carried up to 300
• C and in the case of samples of the site KL-14 only Comp-1 is encountered (Table 1). The susceptibility measurements as a function of temperature (Fig. 4) and IRM experiments show the presence of titanomaghemite or maghemite in samples of sites KL-13 and KL-14 (Fig. 5) . Therefore maghemite or titanomaghemite may be the carriers of the Comp-1 in samples of these sites. Samples from the site KL-23 show the unblocking temperature of Comp-1 up to about 350
• C (Table 1) , the magnetic carrier in this case may also be maghemite. Samples of site KL-10 show Comp-1 up to 400
• C (Fig. 6(b) ). The IRM analysis and its stepwise thermal demagnetization indicate the presence of magnetite and hematite ( Fig. 5(d) ). Hence the Comp-1 in this case is perhaps viscous magnetization acquired by these two mineral assemblages. By combining the results of all magnetic techniques, it can be inferred that Comp-1 is carried by maghemite or titanomaghemite and in samples of some sites it is VRM maintained by magnetite or hematite grains.
There is wide range of unblocking temperatures for ChRM (Table 1 ). In samples of five sites (KL-7, KL-12, KL-13, KL-15 and KL-23) ChRM was unblocked at about 580
• C, Whereas in samples of other sites the unblocking temperature varies from 600-680
• C (Table 1 ). In the case of ChRM of samples of sites KL-2, 3, 4, and 5 unblocking temperature is up to 600
• C, which may be due to the presence of titanohematite. The presence of high coercivity minerals in samples of these sites is inferred from undersaturation of IRM even up to 2.5 T (Ahmad and Yoshida, 1997) . The samples of the site KL-10 exhibits unblocking temperature up to 660
• C (Table 1; Fig. 6(b) ). Stepwise thermal demagnetization of IRM reveals magnetite and hematite as magnetic carriers in samples of above mentioned site (Fig. 5(d) ). Samples from sites KL-7, KL-12, KL-13, KL-15, and KL-23 indicate 580
• C as blocking temperature (Table 1) . Samples from the sites KL-12 and KL-13 show the presence of magnetite in IRM acquisition experiment (Table 1, Fig. 5 ). On the other hand the ChRM in samples of the sites KL-24 was completely demagnetized at unblocking temperature of hematite (Table 1) . The presence of high coercivity mineral in site KL-24's sample is confirmed by IRM analysis. The remanent carriers of ChRM vary in samples of individual sites and these are hematite, Ti-poor hematite and magnetite.
As discussed in optical microscopic study that these volcanics are highly altered and the presence of zeolite indicate that they may have suffered some hydrothermal alterations. Alteration products in these volcanics indicate that important secondary processes are hydration and oxidation (Sullivan et al., 1993) . Secondary Fe-oxide minerals were also observed in these volcanics by optical studies. Inclination only fold test demonstrates that ChRM are not of primary nature. Therefore magnetic carriers of ChRM are of secondary nature, which may be produced during some alterations (may be hydrothermal) after the formation of the volcanics.
The mineralogical situation of ChRM is somewhat complex. In samples of some sites ChRM is carried by magnetite, while in others by hematite or Ti-poor hematite, and these sites lie very close to each other. This spatial distribution of different magnetic minerals may be due to variable effect of alterations depending upon the local environmental conditions (Gautam, 1989) . These volcanics contain two metamorphic assemblages. The first assemblage, which is dominant, corresponds to greenschist facies and the other assemblage, which locally overprints the green schist facies, corresponds to epidote amphibolite facies (Shah and Shervais, 1999) . Shah and Shervais (1999) interpreted minimum metamorphic temperature about 300
• C and maximum temperature about 500
• C. The overprinting of the second assemblage on local scale is explained by higher temperature associated with hydrothermal fluid flow along local shear zones, which act as conduits for the circulating fluids (Shah and Shervais, 1999) . Hence alteration processes have variable effect on these volcanics and may produce different magnetic minerals depending upon local environmental conditions. The spatially inhomogeneous distribution of magnetic minerals can also be explained by the inhomogeneous distribution of these two metamorphic assemblages. The existence of two distinctive phases of metamorphism, one is overprinting the other locally, supports the Case-II. In Case-II, we assume that ChRM of magnetite and hematite were acquired in two different polarity times. The correlation in magnetic mineralogy and downward and upward inclinations may be due to the remagnetizations at different polarity times. Therefore magnetite and hematite may be formed chemically due to the two phases of above-mentioned metamorphism at different times.
The possibility of thermally acquired secondary remanent magnetization is ruled out on the basis of maximum rise in temperature (500
• C), which is much lower than the curie temperature of observed magnetic mineral assemblages. The other type of remagnetization is thermoviscous remanent magnetization (TVRM) which can be acquired as secondary remanent magnetizations at elevated temperatures. But in these volcanics high temperature condition did not prevail for significant geological time period, as zircon (closure temperature 175
• C) fission track data yields about 35.9±2.4 Ma age (Zeitler, 1985, sample no. SW-11) . According to Pullaiah et al., (1975) curves there is no possibility of complete remagnetization in the form of TVRM by magnetite (laboratory unblocking temperature=580
• C) and hematite assemblage of grains (laboratory unblocking temperature 600∼680
• C) at the above mentioned low temperature. The remagnetization may occurred as thermo chemical remanent magnetization (TCRM) during some hydrothermal activity related with two stages of alterations as discussed above.
There is not much difference in terms of paleolatitudes of two ChRM directions carried by magnetite and hematite. The mean paleolatitude for magnetite's ChRM is 9±4
• N whereas that of ChRM carried by hematite is 13±4
• N. Error limits of these two mean paleolatitudes overlap with each other. If these two mineral assemblages represent two different phase of alterations, then both phases must have close temporal relationship as the north ward movement of Indian continent was quiet rapid at low northern latitudes (Klootwijk et al., 1992) . Magnetite may be formed somewhat earlier than hematite and Ti-poor hematite. There are questions related with this type interpretation i.e. why area has partly suffered by these two phases of alterations? Why we have encountered both of these mineral assemblages in samples of only one site (KL-3)? Why in samples of some sites ChRM are carried by magnetite and in others by hematite assemblages and these sites lie close to each other? Possibility of this type situation is not remote as hydrothermal alterations may occur in close spatial and temporal relationship. Where these occur resultant mineralogy may be complex (Cas and Wright, 1987: pp. 417 ). This type inhomogeneous distribution of remanent components is also reported in Aulis volcanics of lesser Himalaya in Nepal (Gautam, 1989) .
Age of natural remanent magnetizations
The knowledge of the timing of acquisition of various magnetization components is crucial for their interpretation. The mean of Comp-1 is close to the recent field at sampling locality (Dec=2, Inc=53.0). According to inclination only fold test ChRM is not of primary nature and remagnetization may be TCRM (as discussed earlier).
In Case-II there is not much difference in terms of paleolatitude calculated for ChRM carried by magnetite (9±4
• N) and hematite (13±4
• N), but correlation in magnetic mineralogy and downward and upward inclinations may be due to different remagnetization phases at different magnetic polarity. According to inclination only fold test they are postfolding magnetizations. The paleolatitudes calculated for the Case-II are well in agreement with the suit of secondary magnetizations, acquired at equatorial to low northern latitudes, at the time of India-Eurasia collision (Klootwijk et al., 1979; Klootwijk et al., 1984; Klootwijk et al., 1994; Zaman and Torii, 1999) . The acquisition of these secondary magnetizations is attributed to the chemically active orogenic fluids at the time of collision (Zaman and Torii, 1999) . The timing of acquisition and evolution of these secondary magnetizations is matter of extensive debate and most of these magnetizations do not have any independent age control. The abovereferred studies reported range of paleolatitudes of secondary magnetizations related with the collision (0 to 10
• N). This is somewhat large range of paleolatitudes of secondary magnetizations because of complexities related with collision. Collision is a complex event that lasts for some time and related with number of tectonic and metamorphic processes (Le Fort, 1996) . In the final stage of convergence of Indian continent (60-45 Ma), when some of the water rich sediments were dragged along the subduction zone, high volume of magma emplaced in the Transhimalaya (Debon et al., 1986; Le Fort, 1996) . The wide spread secondary magnetizations at the time of collision may be because of circulation of the fluids related with the emplacement of this high volume magma. In the Ladakh area, which is east of Nanga Parbat Syntaxis, secondary magnetizations yield low northern paleolatitudes (7-10 • N) with closure of isotopic systems at about 50 Ma (Klootwijk et al., 1979) . These paleolatitudes are comparable with the paleolatitudes from the present study. Moreover indirectly age can be assigned to these secondary magnetizations by comparing northward-progressing paleolatitude of Indian continent with paleolatitudes of secondary magnetizations. Klootwijk et al. (1991 and established new paleolatitude control on India's northward motion during last 80 Ma, obtained from ODP Leg 121 studies on Ninetyeast Ridge. In the absence of any radiometric age control for these post folding secondary magnetizations, these can be dated only indirectly through comparison of their paleolatitudes with the paleolatitudinal control on India's northward movement.
The comparison of mean paleolatitude of ChRM carried by magnetite and by hematite with calculated paleolatitude from Indian APWP for the area (35.5 • N, 72.5
• E), assuming no relative motion between Kohistan and the Indian Shield, shows that paleolatitude for ChRM carried by magnetite is correlated with 60-55Ma segment of APWP and for ChRM carried by hematite is correlated with 55-50Ma (Table 4) (Klootwijk et al., 1991) . The error on the mean of these two magnetizations led to time uncertainties from 60-45Ma, when compared to APWP. The age of the volcanics is 55±2Ma. Therefore post folding secondary magnetizations must be younger than 55±2Ma. Thus according to uncertainty limits, these secondary magnetizations may have been acquired between 55∼45 Ma. This is a period ranging from completion of the India Eurasia suture to final emplacement of collision related magma in Himalayan region (60-45Ma from Debon et al., 1986) . The completion of the suture has been interpreted at about 55 Ma by using paleomagnetic data (Klootwijk et al., 1992) . Moreover fauna data from Baraul Slate Formation indicates marine conditions were prevailing in the area up to 55 Ma. Thus collision may have been completed some time after 55 Ma in the area. From inclination only fold test it is clear that the ChRM are post folding magnetizations. According to previously reported paleomagnetic data of Indian continent and Himalayan region, it has been inferred that after completion of suture (at 55 Ma), indentation phase started and Indian continent impinged in to northern territory more than 2000 km during early Eocence and Oligocene (Klootwijk et al., 1985) . The folding of these volcanics may be the result of initial indentation phase. Thus these secondary magnetizations may be acquired after the completion of the suture. Stage-2 (48-45 Ma) granites have also been reported in the north of these volcanics (Fig. 2) . Unfortunately paleomagnetic data from these granites may not be useful because of lack of structure control. Though granites and the volcanics have thrusted contact, but thrust has locally reworked intrusive contact (Sullivan et al., 1993) . Therefore these two units would not have been too far when the granites were intruded. Moreover we are not interpreting that these secondary magnetizations are thermo remanent magnetization which were acquired from direct heating. In this scenario these secondary magnetizations may attribute to wide spread circulation of hydrothermal fluids related with the emplacement of stage-2 granite at about 48-45 Ma. Hence the possibility of acquisition of remanent magnetizations at the time of granitic intrusion cannot be ruled out. In this comparison of paleolatitudes with paleolatitudes of Indian APWP, north-south crustal shortening of 470 km (about 4
• ) since Eocene with in Indian continent (Coward et al., 1987) , south of the arc, have been ignored. Part of this shortening must have been taken place after the acquisition of remanent magnetizations and simple comparison of two paleolatitudes may yield somewhat younger ages. Even if whole shortening would have been occurred after acquisition of remanent magnetizations, then total error will be of the order of 4
• , which lies with in the uncertainty limits of calculated mean paleolatitudes. Thus on the basis of uncertainties, range of age can be assigned to these secondary magnetizations which is 55-45 Ma. This is ranging from completion of the suture to emplacement of stage-2 granite in the area.
Rotations
Declination values show large variation before and after the structure correction (Fig. 7, Table 2 ), while inclinations are somewhat uniform in geographic coordinates. As discussed earlier this high angle variation of declinations may be due to structural rotation about vertical axes with out disturbing the inclination values after the acquisition of magnetization. These volcanics are bounded by two thrusts (Fig. 2) . Paleomagnetic method combined with the structure work has potential to distinguish between different causes of differential rotations related with thrust sheets (McCaig and McClelland, 1992) . No systematic variation of declination is observed between different sites. This type of variable rotations with in thrust sheet may be because of the pinning and dragging at the margin of the thrust sheet (Simon, 1998) . Non availability of structural data and complicated situation arising from remagnetization of these volcanics stop us from further interpretation. However discordant declination pattern is not rare in thrust-belt regions (Klootwijk et al., 1986; Pares et al., 1994; Van der Voo et al., 1997; Yoshida et al., 1998; Zaman and Torii, 1999) . The latter stage deformation in the rocks, north of the Dir thrust may produce local scale rotations related with thrust sheet deformations. Two major north-south trending faults nearby sampling area are providing the evidence of intensive deformation suffered by the studied area (Fig. 2) . As inclinations are consistent in geographic coordinates and encountered ChRM is post folding, therefore the scattering of declinations is due to post folding rotational phenomena.
Some times internal deformation related to thrust sheets produce grain rotation. This phenomena generate scattering of primary directions and apparent syn-folding magnetization is observed (Stamatakos and Kodama, 1991) There is no structure evidence for plastic deformation in these rocks, but brittle deformation is observed as major mode of stress accommodation (Sullivan et al., 1993) .
Future Recommendations
Further paleomagnetic data is needed in order to explore the nature of the ChRM acquired by magnetite and hematite and of complex differential rotations related with thrust sheet. Besides this detail structural work is required to explain the cause of complex rotations in these volcanics. The lack of knowledge of timing of metamorphic events, which are contributing to thermochemical magnetizations, seems to be one of the obstacles in interpreting the data unambiguously. The dating of different thermochemical events suffered by these volcanics will be of great use in order to assign the precise ages to secondary magnetizations.
Conclusions
In this study only part of Utror Volcanic Formation is covered, more data is highly needed to reach at better conclusion. Moreover due to complicated rotations and remagnetization processes in these volcanics it is difficult to interpret the data unambiguously. However on the basis of the present study following main points can be concluded.
1. On the basis of magnetic mineralogical studies the potential remanent carriers of the Utror Volcanic Formation are maghemite, magnetite, titanomagnetite, hematite and titanohematite. Magnetic carrier for characteristic remanent magnetization component is variable in samples of different sites. ChRM are post folding secondary magnetizations. ChRM carried by magnetite are having downward inclinations, while ChRM carried by hematite assemblages are having upward inclinations. This correlation may be because of formation of two mineral assemblages at different polarities during different remagnetization processes.
2. ChRM was acquired at low northern paleolatitudes (9∼ 13
• N) during the interaction of the volcanics with collision related orogenic fluids 55-45 Ma ago. This is the age ranging from completion of the suture to the final emplacement of suduction related plutons in the area.
3. As declination data is highly dispersed, individual sites may have suffered complex differential rotations related with thrust sheet deformations after the acquisition of post folding secondary ChRM.
